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IMPROVED DOWNHOLE APPARATUS 

The invention relates to apparatus for use in well bores and particularly, but not 
exclusively, to circulating subs used during downhole drilling operations. 

In a conventional multi-cycle circulating sub, a cylindrical piston is generally 
provided for axial movemeut within a sub housing between an open position, in which 
well bore fluid may flow between the annulus and the interior of the sub housing by 
means of apertures in said housing, and a closed configuration, in which the piston 
covers the apertures so as to prevent a flow of well bore fluid therethrough Typically, 
the piston is biased uphole by means of a spring and, in use, is pressed downhole by a 
predetermined rate of fluid flow through the sub housing. However, in order to allow 
the fluid to be pumped through the sub housmg at said predetermined flow, rate 
without the circulating sub moving from its current open or closed configuration, 
movement of the piston is controlled by means of a pm and groove arrangement 

More specifically, a control groove is typically provided in the outer surface of 
the piston as a closed loop about the longitudinal axis of the piston. At least one 
control pin is secured to the sub housing so as to extend into the control groove. 
Movement of the piston relative to the sub housing is therefore hmited by movement 
of tiie control pin within the control groove. The control groove is shaped so that, on 
at least one application of the predetermined fluid flow rate downhole through the sub 
housing, the piston is allowed to move axially but prevented from changing the open 
or closed configuration of the circulating sub. In moving axially, the piston rotates 
within the sub housing as the control pin moves circumferentially within the control 
groove. It will be understood by those skilled in the art that, by reducing the rate of 
fluid flow, the piston may be pressed uphole by the biasing means and be further 
rotated by a further relative mov^ent between the control pin and groove. Although 
the piston has been cycled between uphole and downhole positions, it will be 
appreciated that, with an appropriate positioning of housing apertures relative to the 
piston, no change in the open or closed configuration of the circulating sub need 
occur. However, the control groove may be shaped so that, after a predetermined 
number of piston cycles, the pin is located in a portion of control groove which 
extends a sufficient axial distance to permit the piston to be moved downhole by said 
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predetermined flow rate and thereby change the open/closed configuration. Thus, the 
open/closed configuration of the circulating sub wiU be changed only after a 
predetennined number of appHcations of the aforementioned fluid flow rate. The use 
of fluid flow rate above the level required to move the piston is not flierefore 
prevented by use of the circulating sub. 

It will, however, be apparent that tihe control pin and groove arrangements of 
the above prior art circulating sub causes the piston to rotate with a heUcal motion. In 
other words, the piston moves with both axial and rotational components. However 
the rotational movement can be undesirable in that the piston can stick during the 
spring retum cycle with the control pin being driven back along the portion of control 
groove fi-om which it has just moved. Also, in a circulating sub having an open 
configuration wherein fluid flows tiirough the bousing apertures to the annulus via 
flow ports in the waU of tiie cylindrical piston, care must be taken during the design, 
manufectuie and assembly of the sub to ensure that the piston ports align with the 
housing apertures when the piston is in the open axial position or to ensure tiiat means, 
such as a circumferential housing recess m tiie region of tite apertures, is provided in 
order to allow fluid communication between misaligned piston ports and housing 
apertures. 

A bypass valve according to thepreamble of the upended independent claim 1 
is disclosed in the appHcant's US patent no 6,289,999 Bl. However, ihe piston of this 
prior art bypass valve is rotatable relative to both liie apparatus body and a sleeve 
(located between the piston and body) in which a confrol groove is defined. A 
problem with this arrangement is that rotational movement of the piston (arising fi-om 
a swirling fluid flow in the piston bore or some otiier event) independent of tiie 
relative movement between the conti-ol groove and associated control pin can cause 
the pin to undesirably move backwards within the control groove and prevent the 
apparatus fi-om moving between open and closed configurations as expected. 

It will be understood by those skilled in the art that a bypass valve differs from 
a circulating sub (to which the present invention particularly relates) in that a bypass 
valve is normally located in an open configuration so as to allow fluid communication 
between the annulus and the valve interior. A mutU-cycle bypass- valve wiUgeneraUy 
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cycle several times whilst remaiDing ppen before moving to a closed configuration. A 
multi-cycle circulating sub wiU, in conti-ast, generally cycle several times whilst 
remaining in a closed configuration before opening to allow fluid communication with 
the annulus. 

It is an object of the present invention to provide downhole apparatiis 
comprising a device for opening , and closing tiie apparatus which has improved 
reliability. 

A first aspect of the present invention provides a downhole apparatus for 
selectively isolating the interior of a downhole assembly from tiie exterior thereof, the 
downhole apparatus comprising: a body defining a longitudinally extending bore and 
incorporating a waU having at least one aperture therein for providing fluid 
communication between said bore and the exterior of the downhole apparatus; a 
piston located witiiin the body and shdable longitudinally therein so as to allow 
movement of the downhole apparatus between an open configuration, in which said at 
least one aperture is open to permit fluid communication between said bore and tiie 
exterior of flie downhole apparatus via said at least one aperture, and a closed 
configuration, in which said at least one aperture is occluded by tiie piston to restrict 
fluid communication between said bore and the exterior of the downhole apparatus via 
said at least one aperture; a control groove and a pin received witiiin tiie control 
groove for determining whetiier or not a longitudinal movement of tiie piston in a 
given direction will move tiie downhole apparatiis between open and closed 
configurations; and a contirol member located between and movable relative to flie 
body and tiie piston, tiie control groove bemg defined in one of flie piston and control 
member, and tiie pin being provided on flie other of flie piston and control member; 
flie downhole apparatus being characterized in fliat means are provided for 
constraining movement of tiie piston relative to tiie body to longitudinal movement 
only. 

Thus, in tiie present invention the piston is prevented from moving in a 
rctitional direction relative to tiie body by constiraining means. In tins way, rotational 
forces apphed to flie piston by, for exan^le, a swirling fluid flow or ^aratus located 
witiiin tiie piston bore, are prevented from being transferred to flie control groove or 
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controlpinan4 accordingly, iJie risk oftJie control pinrndesirablym 
within the control groove is reduced. 

Preferably, saidmeans for constraining relative movement between the piston 
and the body comprises a straight groove extending in a longitudinal direction, said 
straight groove being provided on one of the piston and body, and a portion of the 
other of the piston and body being received within said groove. Said portion of the 
piston or body may be provided as a discrete pin separate from the piston or body. 
Also, the constraining means may, in use, limit the extent of longitudinal movement of 
the piston relative to the body. Furthermore, the piston may be biased in a 
longitudinal direction by biasing means towards a pluraUty orpositions relative to tiie 
body in which the downbole apparatus is in a closed position, and the control groove 
is adapted to allow movement from the closed configuration to the open configuration 
only after a predetermined number of longitudinal movements of the piston against Ihe 
bias of the biasing means. 

It is particularly desirable for means to beprovided for preventing longitudinal 
movement of the control member relative to the body. Said means for preventing 
movement of the control member may comprise a groove extending in a plane 
perpendicular to the direction of longitudinal movement and a pin located in said 
groove; the groove being defined in one of the body and control member, and the pin 
being provided on the other of the body and control member. 

The piston may be releasably secured to the body by means of a collet when 
movedtoapredeterminedlongitudinalpositionrelativetothebody. Only one portion 
of the control groove may pennit movement of the piston to said predetermined 
longitudinal position relative to the body so as to allow the piston to become secured 
to the body by means of the collet. 

• • A second aspect of the present invention provides a circulating sub for 
selectively isolating the interior of a downhole assembly fromthe exterior thereof the 
circulating sub comprising: a body defining a longitudinaUy extending bore and 
incorporating a wall haviEg ^li l^c ene gwarture therein for providing fluid 
communication between said bore and the exterior of the sub; a piston located within 
the body and slidable longitudinaUy therein so .as to allow movement of the sub 
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between an open configuration, in which said at least one aperature is open to permit 

flmd communication between said bore and theexteriorofihe sub viasaidatleast one 

aperture, andaclosed configuration, in which said at least one aperture is occluded by 
the piston to restrict fluid communication between said bore and the exterior of the 
sub via said at least one aperture; a control groove and a pin received within the 
control groove for detennining wheflier or not a longitudinal movement of the piston 

magiven direction wiU move the sub between open and closed configurations; anda 
control member located between andmovable relative to the body and thepiston, the 

control groove bemg defined in one of the piston and control member. 

Also, the control groove may define a closed loop about (i.e. circumscribing) a 
longitudinal axis of the apparatus 

Embodhnents ofthe present invention wiU now be described with reference to 
the accompanying drawings, hi which: 

Figure 1 is a cross-sectional side view of a first embodiment of the present 
invention with a piston located m an uphole closed position; 

Figure 2 is a side view of-the piston shown m Figure 1 ; 

Figure 3 is a cross-sectional side view ofthe firat embodunent with the piston 
located in a downhole closed position; 

Figure 4 is.a cross-sectional side view ofthe first embodiment with the piston 
located iu an open position; 

Figure 5 is a cross-sectional side view of a second embodiment of the present 
invention with a piston located man uphole closed position; and 

Figure 6 is a cross-sectional side view of part ofthe first embodiment with a 
modified piston. 

A firstmulti-cycle circulating sub 2 according to the present invention is shown 
in Figures 1-4 of the accompanying drawings. The circulating sub 2 is moveable 
between a closed configuration, m which all weUbore fluid is directed through the 
Ulterior ofthe sub, and an open configuration, in which aU weUbore fluid is directed to 
the exterior of the sub. 

The sub 2 includes a housmg m which a number of mtemal components are 
mounted. For ease of manufecture and assembly, the housing is itself made up of 
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several components. The housing components include a principal cylindrical body 
component 4, an internal cylindrical body component (a lower sleeve) 6, and uphole 
and downhole cylindrical crossover members; 8,10. The crossover members 8,10 are 
threadedly connected to respective uphole and downhole ends 12, 14 of the principal 
body component 4. The uphole crossover member 8 has an internal screw thread at ite 
uphole end (not shown) for screw-threaded engagement with a portion of equipment 
string to be located uphole of the sub 2. Similarly, the downhole crossover member 
10 is provided wifli an external screw thread at its downhole end (not shown) for 
screw threaded engagement with aportion of equipment string to be located downhole 
ofthesub2. 

The internal body component 6 locates within a bore 15 of the principal body 
component 4 in abutment with an uphole feeing shoulder 16 definedby the downhole 
crossovermember 10. Aseal 18-is provided between the principal body component 4 
and the internal body component 6 at the uphole and downhole ends of said internal 
body component 6. The internal body component 6 is fixedly secured to the principal 
body component 4 by means of two pins 20 extending from the principal body 
component 4 into recesses in the internal body component 6. Axial movement 
between the principal body component 4 and the internal body conqjonent 6 is thereby 
prevented. Furthermore, six vent apertures 22 extend transversely through .the 
principal body component 4 andthe internal body component 6 so as to allow, inuse, 
weU bore fluid to vent from Ihe piston bore 28 to the exterior of the sub 2. The 
internal diameter of the internal bo^ component 6 is increased downhole. of the 
apertures 22 so that, in use, weU bore fluid may flow from laterally extending ports in 
a piston (described in greater detail below) and into equipment located below the sub 
2. The internal diameter of the internal body component is increased at the lower end 
of said component 6 so as to provide an uphole facing annular shoulder 24 for closing 
the aforementioned piston flow ports when the piston is located in the open position 
(see Figure 4). 

The piston referred to abcve is one of the internal components mounted in the 
housing of the circulating sub 2. An isolated view of thepiston26 is shown inFigure 
2. The piston 26 has a generally cylindrical shape with an internal bore 28 extending 
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liieretbrough. The downhole end of the piston bore 28 is sealed, aWiough weU bore 
fluid may flow from the bore 2 8 by means of twelve laterally extmding flow ports 30 
The flow ports 3 0 extend outwardly and downwardly from the piston bore 28 so as to 
direct fluid into the portion of the internal body component 6 having an increased 
mtemal diameter. An O-ring seal 32 is located radially mwardly of flie outlets to the 
flow ports 30 on a downward fedng downhole end surface 34 of the piston 26 (see 
Figure 1). When the piston 26 is located in the open position, the O-ring seal 32 abuts 
the Tpwardly fecmg shoulder 24 of the internal body component 6. Well bore fluid is 
thereby prevented from flowing into equipment located doi^ole of the sub 2. 

In order to avoid the O-ring seal 32 from being undesirably puUed from the 
piston 26 by fluid flow, the downhole end of the piston 26 may be modified as shown 
in Figure 6 of the accompanying drawings. With reference to this Figure, it wiU be 

seenthat the downhole endofthepiston26 is provided withadownwardlyprojecting 
cylindrical extension 27 which is sized so as to be locatable within the aperture 25 
defined in the Ipwennost portion of the internal body component 6. The airangement 
IS such fliat the extension 27 seahngly engages said aperture 25. This may be 
achieved by providing the extension 27 and the aperture 25 with a taper so that both 

the extension27 and the aperture25 reduce in diameter inadownholeaxialdirection. 
This tapering only needs to be relatively smaU and is not visible in the illusfration of 
Figure 6. An O-ring seal 32' is provided (optionaUy) between the mating surfaces 
(iE>referably on the outer diameter surface of the extension 27). 

Uphole of the piston flow ports 30, the piston 26 is provided with six vent 
apertures 36 which ar^ each located so as to align with a coirespondmg vent aperture 
22 when the piston 26 is in the open position. With the piston vent apertures 36 so 
located, well bore fluid may flow from the piston bore 28 into the well bore annulus. 

A control groove 38 is defined in the outer surfece of tiie piston 26 uphole of 
the vent apertures 36. The confrol groove 38 is of a conventional nature ^d 

cn-cumscribes thepiston26 to fonnaclosedloop. The control groove38isshapedso 
thatapmlocated therein wiUmovecircumferentially along the grooveinresponse to 
reciprocating axial movement of the piston 26. However, as wiU be readily 

understoodbyWskilledintheart,1heextentofaxialpistonmovementisrestricted 
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by iiie mteraction of the pin with tiie groove and is determined by the particular 
portion of groove in which the pin is located at any given time. If the pin is not 
located in a portion of groove capable of aUowing the required extent of axial piston 
movement, then it wiU be understood that the piston may be reciprocated back and 
forth until the pin locates in a portion of groove allowing the required movement 
Uppemiost and lowermost piston positions may be determined by shoulders on the 
body bore 15 so as to reduce the risk of damage to the or each pin with the control 
groove (see below). 

Two spring chamber vent apertures 40 extend laterally through the wall of the 
piston 26 uphole of the control groove 38. In use, the vent apertures 40 may be used 
to assist inpreventing ahydraulic locking of the piston 26. However, ia the preferred 
embodiment shown in Figures 1 to 3, ahydrauHc locking of the piston 26 is prevented 
by means of two spring chamber vent apertures 42 defined in the principal body 

component4and the vent apertures 40 in the piston26 are occluded with appropriate 
plugs. 

The outer diameter of the piston 26 increases at the piston upper end so as to 
define a downward facing annular shoulder 44. In the assembled circulating sub 2, a' 
hehcal spring 46 is located so as to press upwardly on the shoulder 44 and thereby 
bias the piston 26 in an uphole direction. 

in additionto the control groove 38. two further grooves 48 are provided in the 
exterior surface of the piston 26 uphole of the shoulder 44. The two grooves 48 each 
extendinanaxialdirectiononly. When the piston 26 is assembled within the bore 15 
of the sub housing, two pins 50 secured to the principal body component 4 extend into 
the grooves 48. Each of the axially extending grooves 48 receive onepin 50. More or 
less than two grooves 48 may be provided as necessaiy. Since the grooves 48 exteaid 
in an axial direction only, it will be miderstood that, in the assembled circulating sub 
2, the piston 26 is restrained by .tiie pins 50 fi-om rotating witiiin the bore 15 and is 
capable only of movmg m an axial direction. The length of the ^ooves 48 is suoh that 
the pms 50 do not hmit tiie axial movement of the piston 26 (although the grooves 48 

andpins50maybeusedforthispuiposewithappropriatemodificationofthegroove 
48 length and position). In the embodiment shown in Figures 1 to 4, uphole 
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movement of the piston 26 is limited by abutment of the piston 26 with the uphole 
crossover member 8 and downhole movement of the piston 26 is limited by abutment 
of the piston 26 with the shoulder 24. 

With the piston 26 located in the bore 15, a chamber is deiSned between the 
piston 26, the principal body component 4 and the intemal body component 6. This 
chamber houses the helical spring 46, two bearing raceways 60,62 (see below) and a 
cylindrical sleeve 52 to which two control pms 54 are secured (see Figures 3 and 4). 
Due to the rotational position of the pin sleeve 52, the pins 54 are not visible in Figure 
1. With reference to Figures 3 and 4, it will be seen that the two control pins 54 
extend from the inner surface of the pin sleeve 52 so as to locate within the control 
groove 3 8 defined in the piston 26. It will be xmderstood that, as the piston 26 moves 
axially within the housing without relative rotation therewith (as a consequence of the 
axial grooves 48 and pins 50), the control groove 3 8 moves relative to the two control 
pins 54 and, as a result, the pin sleeve 52 is forcibly rotated relative to Ihe piston 26 
and the housing. In order to prevent axial movement of the pin sleeve 52 relative to 
the housing, two restraining pins 56 extend through the principal body component 4 
into an annular groove 58 in the. exterior surface of the pin sleeve 52. The annular 
groove 58 circumscribes the pin sleeve 52 and lies in a single plane extending 
perpendicularly to the longitudinal axis of the sub 2. The restraining pins 56 and 
groove 58 function to prevent xxphole movement of the pin sleeve 52 in particular. 
Downhole movement of the pm sleeve 52 is hmited by the intemal body component 6 
as well as the restraining pins 56. It is to be noted that the restraining pins 56 are not 
visible in Figure 3 due to the angle at which the cross-section view has been taken. 

The rotational movement of the pin sleeves 52 is assisted by means of two 
bearings 60,62 and two slyd or wear rings 64,66. The first bearing 60 located between 
the downhole end of the pin sleeve 52 and the uphole end of the intemal body 
component 6. The second bearing 62 is located between the uphole end of the pin 
sleeve 52 and the downhole end of the spring 46. The slyd or wear rings 64,66 are 
l5£3t6a adjacent the bearings 60,62 between the pin sleeve 52 and the principal body 
^ r>???po p ent 4. The axial movement of the piston 26 is assisted by means of a slyd or 
wear ring 68 located between the uphole end of the piston 26 and the principal body 
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component 4 and a slyd or wear ring seal 70 located between the piston 26 and die 

mtemal body component6.Mthisway,ffictionaJ forces resisting axialmovement of 
the piston 26 relative to flie housing are reduced. Also, glyd ring seals 72.74,76,78 
prevent the passage of well bore fluid between the piston 26 and liie sub housing 

In order to vary the rate of fluid flow toough the piston bore 28 required to 
niovethepiston26axiallydownholeagahist1iieupholebiasofthespring46 anozzle 
80 (provided withan appropriate seal) may be located wilhin Hie piston bore 28 so as 

to mcreasepressure losses andallowagreater force to be exerted onthepiston26bya 
given fluid flow. The size of the nozzle 80 may of course be varied so as to vary the 
fluid flow required to generate a force necessary to overcor^e flie spring bias. 

When the spring chamber is vented by means of the apertures 42 in the 
principal body component 4 and Hie apertures 40 in the piston are occluded (as in Are 
preferred embodiment ofFigures 1 -4), hydranUc thrust acting on the piston to move it 
downwards is supplemented by the pressure drop between the interior and exterior of 
the closed valve as the spring chamber is at the annulus pressure. 

In use, the piston 26 may be located in a closed position as shown in Figure 1 
so that fluid may be pumped through the circulating sub to equipment located 
downhole thereof With the piston 26 located in the closed position shown in Figure 
1, each of the control pins 54 is located in one of die lowermost portions A of tiie 
control groove 38 (see Figure 2). In this piston position, fluid may flow through flie 
piston bore 28 and into equipment located downhole via the piston flow ports 30 If 
the fluid rate increases to such an extent that the bias of the spring 46 is overcome 

thenthe piston26 will bepressed downhole by the fluidflow.mmoving downhole 
the piston 26 is restrained by the grooves 48 and pins 50 from rotating relative to the 
housmg. However, as the piston 26 moves axially relative to the housing, the pin 
sleeve 52 rotates and the control pins 54 move to a different portion of the control 
groove 38. 

If the control pins 54 are initiaUy located within the control groove 38 so as to 

eachmovetoapprtionBofth^c.oritr=lsrcc..c3Supon axial movementofthepiston 

26,thenmovementofthepist6n26totheopenposition(asshowninFigure4)willbe 
prevented. Thus, fluid may still be pumped to fluid located below the sub 2 If the 
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fluid flow Tate is reduced sumciently, tlie spring 46 wiU move the piston 26 back 
Mphole into abutment with the uphole cross-over member 8. In moving uphole, the 
piston 26 does not rotate due to the constraining influence of the grooves 48 and pins 
50. However, the pin sleeve 52 does rotate and each control pin 54 moves to a new 
portion A of the control groove 38. 

The profile of the control grooveSS is such that movement of each control pm 
54 from some (but not all) lowennost portions A of the control groove 38, as the 
piston 26 moves downhole, allows each control pin 54 to locate in uppermost portions 
C of the control groove 38. With each control pin 54 located in an uppemiostportion 
C of the control groove 38, the piston 26 is located in its lowennost position relative to 
the housing with the downward facing piston end 34 abutting the upward facing 
shoulder 24 of the internal body conq)onent 6. With the piston 26 located in this open 
position (see Figure 4), the piston flow ports 30 are closed so as to prevent fluid flow 
to equipment below the sub 2, however the piston vent apertures 36 are aUgned with 
Ihe housing vent apertures 22 so as to allow fluid to flow to the exterior of the sub 2. 
The piston 26 will remain in the open position until the fluid flow rate is reduced to a 
level below that necessary to overcome the spring bias. The piston 26 will then be 
pressed by the spring 46 uphole into abutment with the uphole crossover member 8. 
In so doing, the bousing vent apertures 22 are closed and each control pin 54 moves to 
a lowermost portion A ofthe control groove 38. This cycKcal movement of the piston 
26 between up (closed), half down (closed) and folly down (open) positions may 
continue as long as necessary due to the closedloop arrangement of the control groove 
38. This combmeduse of a control groove and pin is well known in the art and will 
be readfly understood by a skilled reada:. However, it wiU be noted that the axial 
grooves 48 in combination wilb Ibe associated pins 50 prevent rotation of die piston 
26 relative to the housing and all rotating parts of the circulating sub 2 are 
encapsulated between the piston 26 and the sub housing. 

The position of the piston.26 relative to the sub housing when each control pin 
54 is located at a portion B of the control groove 38 is shown in Figure 3 of the 
accompanying drawings. It will be seen that, although the piston 26 has moved 
downwardly relative to the sub housing, die piston flow ports 30 remain open and the 



wo 2004/065756 ^^r^,^^^^ 

PCT/GB2004/000286 

12 

housing vent apertures 22 remain closed. 

A further circulating sub 1 02 is shown as a second embodimeat in Figure 5 of 
the accompanying drawings. This further circulating sub 102 is identical to the firat 
circulating sub 2 in all but two respects and like components have been identified with 
like reference numerals. The two modifications in the further circulating sub 102are 
the provision ofacolletsysteml82 for releasably securing thepiston26to the uphole 
crossovermember 8 audihe provision of means 184 forprovidingauser at the surface 
with a pressure rise indication when the piston 26 moves to the half down position. 

With regard to the collet system 1 82, it will be seen that fbe uphole end of the 
piston 26 is provided with upwardly extending collet fingers which engage a shoulder 
on the uphole crossover member 8. The engagement of the coUet fingers releasably 
locks the piston 26 to the uphole crossover member 8. However, the engaged collet 
fingers may be released from the shoulder of the uphole crossover member 8 by 
applying a predetermined downhole force to the piston 26 by means of an appropriate 
flow of well bore fluid therethrough. Thus, fluid flow rates maybe used which would 
otherwise cause the control pins 54 to cycle through the control groove 38. The 
control groove 38 may be designed so that the piston 26 is able to move suflScientiy 
uphole for the coUet fingers to engage with the shoulder only once during a complete 
cycle of the control pins 54 within the control groove 38. Alternatively, the groove 
design may be such that the coUet fingers engage the shoulder on every spring return 
of the piston. It will be understood that the benefit of the collet system is that the sub 
102 may be held in a closed configuration, without flie piston being cycled, whilst 
fluid flow rates typically used for drilling operations pass through the sub. The 
restricted piston cycling also reduces wear, particularly of the glyd and slyd rings. 

The means 184 for providing a pressure rise indication comprises a step 186 
which reduces the internal diameter of the internal body component 6 in the region in 
which the piston flow ports 3 0 locate when the piston 26 is in the half down position. 
In other words, when the controlpins 54 move to portions B of the control groove 38, 

the outlets to thepistonflowpcrtsaOare effectively moved closer to the internal body 
component 6 so that the cross-sectional area of the fluid flow path is reduced. As a 
result of the reduction.in flow path ajrea, a pressure rise is generated which can be 
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detected at the surface. This pressure rise indicates to the user of the circulating sub 
102 that the piston 26 has moved to the half down position. Fluid may nevertheless 
pass through the sub 102 to equipment located downhole thereof. 

The present invention is not limited to the specific embodiments described 
above. Further embodiments will be apparent to a reader skilled in the art 



